Records could be produced which show that in spite of the most careful clinical and histological examination, errors in diagnosis occur, some resulting in the overlooking of malignant tumours and others in the amputation of limbs for simple lesions. Thus a clinical examination in the early stages, at which amputation might save the patient's life, is neither sufficiently convincing nor accurate enough to warrant a mutilating operation, while a biopsy may be dangerous and produce misleading evidence. The latter is sometimes due to insufficient care in selecting material for histological examination, and I would stress the importance of the following observations which impressed me in a number of cases.
(1) Bone adjacent to the malignant tumour apparently exhibits a reaction which presents the histological features of chronic inflammatory tissue, therefore it is essential that the utmost care be taken in selecting material for the histologist. To 782 Proceedings of the Royal Society of Medicive 10 aid the surgeon in this the radiologist should accurately localize the lesion if this is at an early stage and presents only a focal change in the bone.
(2) Necrotic tumour tissue may present the microscopic appearance of pus and may be treated as such or sent merely for bacteriological investigation. In a number of cases this feature led to the error of diagnosing a chronic osteomyelitis.
(3) The histological appearances of a tumour and the tissue in its immediate neighbourhood are affected by X-radiation therapy, trauma, infection, etc., tberefore it is essential that the histologist should be informed of any therapeutic and surgical measures that have been applied, and of their nature.
Histological examination of the so-called pus should also be requested. Absence of pus cells and the detection of necrotic debris should at once arouse suspicion of malignant tumouir.
We must therefore get additional help from another source, and here it is that radiographic examination supplies some of its most useful evidence. Conclusive characteristic signs sufficient to justify the sternest measures may be detected by the experienced radiologist in radiographs long before the clinical and histological evidence is at all conclusive.
Not all cases, however, can be readily diagnosed on one radiographic examination: some require to be repeatedly radiographed and their progress watched, and even then the diagnosis may be obscure.
The delay in operative proceedings in the difficult case, necessitated byr the desire for the evidence which serial radiographs will give, may be a serious drawback, but it has yet to be proved that this is as dangerous as a biopsy. It may save amputation and, if the lesion is protected from trauma in the interval, little harm is likely to accrue, for though the evidence we have is that early amputation is the best form of treatment, even this, up to date, has not produced very convincing or hopeful results.
All demand a careful consideration of their histories, particularly in recelnt growth and clinical signs. James Ewing says:-"An essential safeguard for the pathologist in the diagnosis of bone tuinours is the possession of full clinical and roentgenologic data. No breadth of experience can dispense with these aids in dealing with the variable structure of bone tumlours." What theni are the radiographic signs of sarcoma ? All species of sarcoimia of bone do not produce the same radiographic appearances, and these may not be appreciated to the same extent in different bones.
The histological characters of the cells comnposing sarcomata have beeni used to classify these tumours. They have been grouped as osteo-, cbondro-, fibro-, lipo-, mnyxo-, or myo-, sarcomata; mixtures of these osteo-chondro or chondro-myxosarcoma; as well as small or large, round, spindle, or giant-celled sarcoma.
The radiographic appearances of such tumours will vary with the density of the structures and the nature of the cells which enter into their composition, the rapidity of growth, the function and immobilization of the part, the presence of infection, and the exhibition of therapeutic measures, particularly radiation, and the reaction produced in the tissues which the malignant cells invade. Sarcomata, are very vascular and grow expansively, consequently they tend to be bulky. The tumour may ultimately double or treble the circumference of the normal limb. In one of my cases a sarcoma which began in a vertebral body in a young child ultimately attained the size of the child's trunk. The relation of the size of the tunmour to the extent of the bone changes may afford help in diagnosis.
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Section of Radiology 783 Classification of positive radiographic 8igns.-Owing to the variable interpretation of signs by different observers, one hesitates to give a dogmatic list of the positive radiographic signs of malignant bone tumours. Nevertheless any one of the following radiographic signs in a patient under 30 years of age I regard as early positive evidence of a malignant bone tumour:
(1) Continued absence of any change in the structure of a bone which is included in a slowly progressing fusiform tense swelling of a limb. An indication of the relation of the tumour to the bone will often be obtained from the outline of the fascial planes shown in the soft tissue shadows. Sooner or later a localized regular linear deposit of periosteal new bone will be shown.
(2) An ill-defined area of osteolysis of the cortex near the diaphyseal extremity of a long bone-particularly the lower end of the femur and the upper end of the tibia or hbtmerussometimes associated with a ilmore or less well-developed spicule palisade periosteal cuff on the adjacent uneroded cortex (the height of the spicules diminishing from the edge of the eroded cortex) sometimes with a regular periosteal accretion and somne increased density of the medulla adjacent and deep to the area of osteolysis. A definite fusiforim tumour of the limb will be apparent.
(3) An ill-defined area of uniform sclerosis near the end of a diaphysis, spreading from the cortex into the medulla, associated with fine palisade spicules, or even without definite periosteal regularity, which is not the site of an old osteomyelitis.
(4) An area showing diffuse change in the compact and cancellous structure which may be somewhat expanded and of increased density, and often first brought to notice by a fracture after a relatively mild trauma.
(5) Fine palisade spicules over a lirmiited area of apparently intact cortex withl perhaps some general increase in the density of the underlying bone.
This classification of the early radiographic signs of sarcoma is adopted here. The illustrative cases cited in each group will demonstrate the importance of co-operation and the advisability of establishing in this country, as in America, some registry having the services of experienced surgeons, pathologists, and radiologists, to -which (loubtful cases can be submitted.
GROUP I.-TUMOURS PRODUCING No CHANGE IN THE BONES
Periosteal sarcoma.-Changes in the radiographic appearances of a bone involved by this tumour are conspicuous by their absence. Clinically an obvious and somewhat tense swelling of the part is noted. The skin over it may be reddened and the patient may be running a temperatuire of 101°or 102°F. The patient complains that following an injury a few months before, the limb became progressivelv more swollen, painful, and disabled.
The clinical examination not infrequently leads to the diagnosis of deep-seated sepsis. An X-ray examination is made and does not reveal any abnormality of the structure of the underlying bone. The latter may appear to be somewhat hypertrophied and the compact cortex thickened, an appearance due to some extent to the increased distance of the bone from the radiographic film, owing to the massive development of the soft-tissue tumour. Such appearances are against the diagnosis of osteomyelitis, in which, after such an interval, the radiograph would have registered definite changes in the bone and periosteum. In cases treated conservatively for a long period because of indecision in diagnosis, as in the case cited below, the tumour, which is very vascular and grows expansively, will now be very bulky and may be double the normal limb circumference. Radiographs at this stage may show a thin line of new bone parallel to the periosteum in the thickest part of the tumour. Ossification of tissue within the tumour is rare. If incisions are made into the tumour 784 Proceedings of the Royal Society of Medicine 12 in attempts to reach pus, fungation through the incision gradually develops, particularly if amputation is delayed owing to inconclusive histological evidence. Radiographs of the chest may reveal positive evidence of the nature of the tumour, in the shape of multiple metastases, for the tumour is highly malignant and death from metastases usually ensues within a few months, in spite of amputation. The following case illustrates the main features of the tumour and some of the difficulties which may be met in diagnosis:
Case I.-P. T., a man, aged 22, received a blow on the thigh while on active service. A painful swelling followed, thought to be an abscess. No pus was found on incision. A consulting surgeon diagnosed aneurysm of the femoral artery. I was requested to take a photograph of the limb in the theatre before operation. At operation no aneurysm was found, but some yellowish necrotic tissue was discovered and sent for histological and bacteriological examination.
Pathologist's report: "A mass of necrotic tissue of indefinite nature." Bacteriologist's report: " Preseince of Bacillus histolyticus. Cultures injected into a guinea-pig produced the characteristic slough caused by B. hist."
The tumour, though incised in several places and irrigated with bactericidal fluids, continued to grow expansively, and protruded through the incisions, which failed to heal. Clinically it now looked a typical sarcoma, but the bacteriological findings obscured the issue. Radiographs at this stage showed a thin line of periosteal new-bone formation along the femoral shaft in the thickest part of the tumour; this was interpreted as evidence of septic periostitis, and mav have been due to infection of the fungating tumour. Eventually the limb was amputated at the hip-joint, and when the tumour was examined macroscopically it showed the characteristic appearance of a periosteal sarcoma, a diagnosis supported by the histological examination.
The patient made a good recovery, and after a short time was transferred to another hospital. A few weeks later an inquiry was received asking why this limb had been amputated as the patient had shown marked improvement in general condition on antisyphilitic treatment, the suggestion being that the lesion in the thigh had been a gumma.
After a fortnight the patient died, and a post-mortem examination revealed metastases of sarcoma in the brain and heart.
Fibrosarcoma of adult life.-These tumours are not so highly malignant as those in the former group. They are characterized by the slow progressive development of a firm tumour, most commonly in the thigh, calf, or arm, which on radiographic examination does not appear, at any rate in the early stages, to involve the bone; later some absorption of the periphery of the compact tissue may be detected, with perhaps some wisps of ossification but no tumour bone formation. The essential nature of the lesion is, however, revealed by its clinical history and appearance.
Some authorities describe under this heading a tumour, which, though commencing in the soft tissues, ultimately erodes the bony cortex and invades the medulla, but the direction of such extension could be suspected only if serial radiographs, beginning in the early develdpment of the tumour in the soft tissues, were available for inspection and comparison.
Massive X-radiation does not appear to check this development of the tumour or to prolong the life of the patient, but early amputation of the affected limb has met with success in a number of cases and this treatment should be advocated as soon as the diagnosis seems established.
Fibromata and osteofibromata of tendon sheaths may also undergo metaplasia and sarcomatous development ensue. Such changes are usually not associated with alteration in the radiographic appearances of the bones of the neighbourhood.
Simple osteofibromata of the tendons usually show fairly well-defined areas of ossification; the malignant forms may show similar areas but these lack the definition of the former. .Iedullary and sublperiosteal sarcoma. This tuimour is most commonly found in the lower end of the femuir, and the upper end of the tibia and humerus, but it has been found in mainy other sites. It is largelv composed of osteoid tissue, immature cartilage, and bone, aind as its cells invade the inormal bone, the cancellous and compact tissues of the latter are eroded and decalcified. Radiographs in the early stages showani ill-define(d localized osteoporosis or osteolysis of the compact cortex, with a faint hazy shadowof periosteal new bone as a linear accretion or as a group of palisade spicules slightly raised from the periphery of the cortex.
As the tumiour grow s, the area of osteoporosis increases and the overlying reactive periosteal new bonie is absorbed at the primnary focus, buit on either side of this area a similar periosteal deposit is frequently show-n, somewNhat triangular in shape, with its greatest dimensions nearest to the primary focus. This is the " periosteal cuff". The invasion of the bone at the periphery of the tumour is somewhat irregular anid no sharp demarcatioii of outline is to be detected. Serial radiographs of the growing tumouir suggest gradual dissolution of the inv-aded bone. Ultimately the outline of the entire segment of bone is obliterated.
Small fragments of uindissolved bone mav be seen in the tumour area. An affecte(d vertebral body at this stage may produce no recognizable radiographic image. If the tumour in the diaphysis is adjacent to an epiphyseal growth cartilage, the epipliysis may exhibit all the characters of imornal bone, in spite of the close proximity of the tumour. For a time the growth cartilage protects the epiphysis; ultimately this is invaded and later mietastases develop in the lungs, brain, &c., and death occurs fromii twelve to eighteen iionths after the onset of the symptoms. It is rare for this neoplasm to spread -across a joint to the a(djacent bone. No other lesion produices such a sequience of radiographic appearances. They are typical of sarcoma. Metastatic deposits of carcinoma may produce localized destruction of the comipact cortex and occasionially even suggest periosteal spicules, buit such lesions are rarely seen in young people, are often situated wN-ell awN-ay from the extremities of the (liaphysis, and nmav Iot be clinically associated with a definite tumour becauise the carcinoma infiltrates pre-existing tissues rather than grow-s expansively as do sarcomiiata.
Chronic inflammilnatory lesions, particularly syphilitic ones, may produce some of these appearances, buit the clinical history will usually prevent such lesioins beinog mistaken for sarcomata.
Other tumours presenit initial osteoporosis or osteolysis, such as simple and multiloculated cysts, osteoclastoma, plasmocytoma, adamantinoma, inflammatory lesions and carcinoimatous metastases, but these have characteristic features described in the previous diseussion. That a tumour miay present the histological characters of a chondro-sarcoma an(l yet be a simple tuimouir is instanced by the following case:
Case 1I.-A boy, aged 3 years, 23.6.23, was radiographed to ascertain the nature of a tumour in the lower third of the leg. The radiograph ( fig. 1 , a and b, p. 14) showed expansion of the lower thiud of the shaft of the fibula with irregular cyst-like excavation of the lower half of the expansion. The lower third of the tibial diaphysis showed marked bowing and excavation of the lateral surface with irregular sclerosis and areas of cancellous destruction in the lower two-thirds of the diaphysis. These appearances suggest a chondroma. A segment of fibula was removed. The pathological report dated 1.11.23 stated "This has the characters of an ossifying chondrosarcoma". Amputation was refused by the parents.
The patient is now perfectly well (1936), there has been no recurrence. The limb is sound (see fig. 2 ). Though medullary and subperiosteal sarcomata frequently exhibit as their first sign an area of osteolysis, some specimens show an early osteolysis in association with some apparent sclerosis of the adjacent bone. In some cases initial localized areas of increased density dominate the picture, as in fig. 3 (p. 16). The periphery of the shaft may appear to be intact. Ill-defined patches of denser bone, continuous with the dense cortex, obliterate the detail of the cancellous bone. In some cases these dense patches gradually fuse and the large part of the diaphysis takes on a density in strong contrast to the adjacent apparently unchanged epiphysis. In addition, in some cases fine palisade spicules perpendicular to the periphery of the shaft project into the soft tissues. If X-radiation therapy is applied at this stage these may be reabsorbed and the shaft become even denser. This increase in the density associated with spicules from the periphery is another characteristic picture of osteogenic sarcoma. Later the spicules over the original focus may be absorbed but others will be seen to have developed further along the shaft, and these may produce the periosteal cuff ".
Periosteal spicules are sometimes seen in subperiosteal carcinomatous metastases, but they are not associated with the tumour such as we see in sarcoma for the carcinoma is locally destructive, the sarcoma growing expansively, and while the spicules in sarcoma are an addition to the cortex, in carcinoma they appear to replace eroded cortex. Further, carcinoma is rarely seen at the early ages at which sarcoma are prevalent, and the deposits of the former are usually away from the epiphyseal extremity.
Inflammatory lesions associated with syphilis and ulceration may also be associated with spicule development, but here again the clinical signs and history will help to differentiate.
In some sarcomata the periosteal spicule palisade is the striking feature, the shaft itself showing but a thickening of the cortex (see fig. 4 ). In some cases the spicular development is massive, dense, and completely obscures the detail of the involved segment of bone. The tumour in which initial sclerosis dominates the radiographic characters is the sclerosing sarcoma.
Sclerosing sarcoma.-The essential feature of this sarcoma is the laying-down of dense tumour bone, and sclerosis of the bone invaded by the tumour cells. There is little or no evidence of osteolysis. Because some of the tumours described in the preceding paragraphs contain areas more opaque than the normal bone, it may be difficult at certain stages of growth to decide whether they belong to this type or not. The subsequent predominant osteolysis shown on serial radiographs will help in their classification. It must be remembered, however, that a bone tumour which exhibits radiographic evidence of extensive osteolysis may after intensive X-radiation therapy become very dense and suggest osteosclerosis, whereas some sclerosing tumours exhibit osteolysis following radiation, but this reaction should not alter the classification.
Sclerosing sarcomata are most commonly found in the lower end of the femoral diaphysis and the upper end of the tibia, but isolated examples have been recorded in most of the bones of the skeleton. As with other forms of sarcoma, the majority of patients are between the ages of 8 and 24. The patient usually gives a history of trauma to the part some months previously. There has been pain in the area, which may have been associated with bouts of increasing severity, often accompanied by a temperature up to 1010 F., also marked fusiform swelling of the area with distension of its superficial vessels and some limitation of its movements. 
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In its early stages radiographs of the tumour show an irregular area in the bone with obliteration of the fine cancellous mesh of the diaphyseal extremities, an appearance suggesting a deposition of calcium in the interstices. Being in the first instance an invasion of the bone by malignant cells, against which the normal cells do not put up any visible protecting reaction, no sharp line of demarcation between normal and pathological bone can be detected. Radiographs therefore show an irregular ill-defined area of increased density. Such dense areas do not conform to the cancellous structure of the normal, but appear as dense as, or denser than, the compact cortex with which they may appear to blend. No sign of irregularity of the periphery of the bone over the affected area may be present to suggest periosteal new growth or spicule formation. The affected area gradually increases in size and density, the periphery becomes irregular and thickened and dense; sometimes massive, bony spicules radiate into the soft tissues. Most of the diaphysis may show this increased density but the epiphysis may be spared for some time. Further serial radiographs will show progressive growth of the dense tumour bone, and later multiple metastases, which sometimes contain bone, may be demonstrated in radiographs of the thorax. The growth of the tumour is usually slower than the forms which exhibit osteolysis, but the tumour is very vascular and highly malignant, though the cells show relatively mature development.
Geschikter and Copeland found 75 tumours of this nature in 360 osteogenic sarcomata, and 80% of them occurred in the lower end of the femur or upper end of the tibia. They claim 25% of cures by radical operation.
Diagnosis of this type of sarcoma can usually be readily established by radiographs, particularly when the lesion involves the diaphyseal extremities of the femur or tibia, but in the more rare sites serial radiographs over several months may be necessary.
An isolated so-called ivory vertebra in a patient under 30 years of age is most likely to be due to sarcoma; above this age-period, Paget's disease or sclerosing metastatic carcinoma are the more frequent causes.
It is to be remembered that bones which have been involved in a chronic inflammatory condition which has now healed may show extensive areas of osteosclerosis: these produce a radiographic appearance not unlike the early sclerosing sarcoma, but the clinical history of the lesion and subsequent radiographs will indicate the stationary condition of this lesion (see fig. 5 , p. 18).
Sarcomatous changes in Paget's disease.-The very characteristic radiographic appearances of Paget's disease have been described elsewhere. Amongst these are cystlike changes in the expanded bones. These cystlike structures have fairly well-defined walls. Occasionally a localized area will be recognized throughout which the bone trabecuhe have been destroyed. The walls of the area are composed of the eroded ends of dense or coarse bony trabeculee which obviously traversed the damaged area before the destruction began. Such appearances are characteristic of malignant metaplasia of Paget's bone. Some authorities question their sarcomatous nature.
In the early stages it would be impossible to say from the radiographic appearance that the lesion was not a metastasis from a distal carcinoma. Such lesions are brought into prominence by the development of a tumour or the occurrence of a spontaneous fracture. Following the latter development the tumour grows very rapidly, and within a few weeks destruction of the neighbouring bone occurs. The extremities of the bone may alone give an indication of the pre-existing osteitis deformans.
Case III.-Mrs. E. S., aged 65. Admitted to hospital 2.8.36 with a history of progressive forward bowing of the left leg for twenty years. Four months ago the patient found it painful to walk on rising in the morning. The 
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Section of Radiology 791 kept her awake at night. Six days before, in the morning, after walking about for nearly half an hour, her leg seemed to crack and she fell. The leg became numb and there was no pain, but the following day the numbness had mostly disappeared and aching pain had increased. A radiograph (see fig. 6a ) taken 2.8.36 revealed an area of malignant metaplasia at the junction of the middle and upper thirds of the tibia. The limb was fixed up in a splint and the patient was sent home but was readmitted to hospital, 17.9.36. The limb was now red, hot, and twice normal size, and the pain was intense. A radiograph on 17.9.36 (see fig. 6b ) showed profound destructive changes involving the larger portion of the shaft. No evidence of metastases was seen in a radiograph of the thorax. The limb was amputated through the thigh and so far no metastases have developed.
Malignant metaplaBia in a myeloma.-That malignant metaplasia may occur in an osteoclastoma is suggested by the following case:
Case IV.-Mr. G. T., aged 24, seen August 3, 1920. Patient complained of aching pain in a swelling just above the left knee-joint; it had been present for fourteen weeks and followed an injury. X-rays showed the typical appearance of a myeloma in the lateral condyle of the femur.
Operation (12.8.20 The most important tumour to produce irl-defined changes in the cancellous structure of the bones in its early stages is that described by Ewing, namely endothelial myeloma. This is also the first sign in some sarcomata. As a general rule the patient is young. Such tumours have been seen at the age of 2 years but rarely in patients over 30. Often there is a history of injury to the site, but in some cases the subsequent radiographic examination suggests that trauma has merely called attention to a pre-existing lesion and may have resulted in a spontaneous fracture of the damaged bone.
The affected area usually exhibits some swelling and may feel hot to the hand. The patient may have a temperature as high as 1040 F., and there may be a history of bouts of temperature associated with pain in the part. Clinically therefore the suggestion of an inflammatory condition is often suggested. Radiographs will present an appearance in the bone which may be mistaken for chronic osteomyelitis. If the lesion is in a long bone the area involved is eventually expanded, its cortex shows thickening, even to twice the normal in some cases, but generally it has a clearly defined periphery. Its medullary margin, however, appears woolly. The medulla itself may be expanded and its normal fine cancellous structure destroyed; no entire trabeculae may be present in the area. The absence of irregular periosteal new bone should guard the radiologist from making the diagnosis of chronic inflammatory disease. At a later stage the cortex of the original focus may be eroded and on either side of this the shaft may be thickened by accretions of periosteal new bone which present a laminated appearance. Breach of continuity of the involved cortex, either by accident or during surgical procedures-unless therapeutic X-ray or radium radiation has been applied-is sometimes followed by the development of a radiographic appearance suggesting that the bone has burst, for a large area of the cortex is broken up, some of it is absorbed, and other portions pushed away from the line of the thickened neighbouring cortex. The latter exhibits a striking spicular palisade growth which emphasizes the nature of the reaction; it appears to blaze with malignancy. In addition, ill-defined woolly wisps of bone may be seen in the substance of the tumour. Notwithstanding this, if the lesion is submitted to X-ray or radium radiations the spicules are absorbed, the broken cortex appears to mend, and the outline of the periphery suggests that the lesion has healed. Such a procedure may be of great diagnostic value. This suggestion'of healing is sometimes supported by operative findings. The surgeon cuts down on a bone which appears to him affected with some chronic inflammatory process. He cuts into a somewhat softened bone, discovers perhaps a collection of semi-fluid tissue resembling pus, may be satisfied with the innocent appearance of the medulla, and, to cover himself, cuts out a fragment for histological examination. The wound is cleaned and stitched up. The report comes from the histologist that the material submitted consists of some tissue of the nature of osteitis fibrosa or chronic inflammatory granulations. Yet the fact that the wound heals by first intention does not arouse his suspicions. The patient apparently makes a good recovery, his temperature becomes normal, and he is discharged.
Such false radiographic appearances after radiation therapy or misleading clinical and histological appearances should be guarded against, for hardly is the radiation discontinued before there is another burst of activity. In some cases this is delayed. The patient may appear to have recovered, but after perhaps three or four months or more, he again complains of pain in the part, he has a temperature and the radiograph evidences further activity. Such phenomena may be repeated over four years or more. The bouts may last only a few days, with little change in the radiographic appearance. The patient, who at first may have appeared robust and healthy, tends to become more and more pale and wasted. Ultimately symptoms and signs of metastases cloud the picture. The patient complains of headaches or pains in the other bones. Radiographs may show metastases in the bones which may in turn respond to therapeutic radiation. Though the structure of the involved diaphyses may be almost wholly changed, the epiphyses are often spared. Eventually symptoms of increased intracranial pressure may develop and radiographs may or may not show metastases in the skull and other bones, the patient becomes unconscious and after a long illness succumbs to the disease. Such is the typical picture of Ewing's tumour.
It has its variations, which may in part be due to the location of the tumour, the patient's age, the stage at which recognized, and the treatment given. When it occurs in such bones as the pelvis, scapula, or vertebral bodies, or in one of the bones of the tarsus, the radiograph indicates a general increase in bone density with perhaps one or more localized areas of cancellous destruction. Such an appearance in an isolated bone in a young patient should arouse the suspicion of an endothelioma of bone, and this will be confirmed if after a therapeutic dose of X-ray or radium radiation the subsequent radiographs suggest healing. Case V.-R. B., a boy, aged 16, had, for two years, periodic attacks of pain in the upper part of the thigh, lasting about three days, at intervals of three weeks or so. A small piece of bone was removed; no pus or other abnormality found. Histology: Chronic inflammatory tissue. A radiograph was interpreted as showing syphilitic osteomyelitis; the Wassermann reaction was negative. There was a history of injury to the thigh before the attacks of pain began. On 5.2.28 the patient came for an X-ray examination (see fig. 7 , p. 21). I reported an expansion of the upper third of the shaft of the femur, with an increase in the thickness of the compact tissue of the shaft in this area, and a coarse reticulation of the cancellous oil 792 21 Section of Radiology 793 bone. The appearances were not typical of chronic osteomyelitis, syphilitic periostitis, or sarcoma.
5.2.28: Admitted to the Warwickshire OrthopEedic Hospital. Naughton Dunn explored the upper third of the femur, removed the outer yva11 and found a large distended cavity full of blood-clot and granulation tissue with a smooth lining membrane. A small portion of this medullary tissue was reported by the pathologist as a rapidly growing sarcoma. 26.2.28: Wound reopened; more medullary tissue removed; 27 needles of radium element (150 mgm.) inserted for twenty-four hours. 17.3.28: Wound had healed; patient had steadily increased in weight; felt quite well, discharged. 22.8.28: General condition improved. No pain; weight increased from 8 st. 4 lb. on 5.3.28 to 10 st. 8 lb.
18.10.28: Readmitted, owing to severe pain in thigh. No definite activity shown by the X-rays. No callus formation seen at site of operation. 15.11.28: All symptoms had disappeared; patient discharged. Proceedings of the Royal Society of Medicine 22 joint and intertrochanteric area of left femur, suggesting secondary tumour deposits. The clinical opinions were that the limb did not present the appearances of a sarcoma. 27.5.29: Bone again opened; yellowish granulation tissue scraped out of the medulla; muscle flap inserted.
Pathological report stated that the growth was a cellular malignant tumour, showing abundant heemorrhage and the general characters of a large round-celled sarcoma.
23.6.29: Wound healed by first intention. Fleeting pains in neighbourhood of left sacroiliac joint and left thigh.
24.6.29: Removed to the General Hospital with symptoms suggesting cerebral tumour. 2.8.29: Death occurred.
Occasionally endothelioma begins in the subperiosteal tissue and produces some localized erosion at the site, associated with ill-defined, hazy, or somewhat woolly deposits of amorphous calcium in the surrounding soft tissues or periosteal new bone; this, like all bone lesions associated with the disease, takes on clear definition after therapeutic radiation.
Synovial endothelioma.-There is a type of endotheioma, happily rare, which appears to commence in the synovial membrane. It also exhibits the typical long history. It leads to atrophy of the limb and swelling of the joint, which takes on the clinical appearance of a tuberculous joint. Apparent recovery may follow rest. The radiograph may indicate merely some general osteoporosis of the bone entering into the joint and tends to confirm the clinical diagnosis of tuberculosis. The soft tissue shadows depicting the position of the principal ligaments may show definite changes. The true nature of the lesion may not be revealed until the patient develops distant metastases or until, following operative procedures, a histological examination is made, but a suspicion of the endotheliomatous nature of the lesion may be given by areas of cancellous destruction in the bones on both sides of the joint without diminution of the joint space: an appearance which is usual in tuberculosis. The following is an illustrative case: Case VI.-Mr. J. B., aged 29. Fell down December 1, 1935, and bumped his knee. On examination at hospital a few days later, the knee was so swollen and painful on the inner side that he could not walk. Practically no movements of the joint could be made; it was apparently fixed. The pain was so severe that the patient had been unable to sleep since the accident. The clinical appearances of the limb anid joint at this time suggested old tuberculous arthritis, and in support of this the radiographs showed a degree of osteoporosis and the patient gave a nine years and a half history of disability which had seemed to follow an injury. The limb was put into plaster for five months and during this time the patient experienced little trouble.
He reported again, 5.1.36, complaining of increased pain and swelling. A radiograph (5.3.36) showed general osteoporosis of the bones entering into the joint and an ill-defined area of cancellous destruction in the femoral condyles and the tuberosity of the femur.
On 3.11.36 he was again admitted, with great pain and swelling of the knee-joint. It now exhibited some fluctuation on the medial aspect. It was very hot, tender, and its surface was injected and nearly double the size of the normal knee-joint. A radiograph, 4.11.36 (fig. 8 ), showed an increase in the osteoporosis and in the size of the areas of cancellous destruction and a small area had now developed in the patella. Arthrodesis of the knee-joint was decided upon. The knee-joint was opened and within its capsule was found a large collection of semigelatinous pinkish friable material which wars cleaned out. The articular surfaces of the bones were sawn off and similar material was found to occupy the shells of the bony extremities. These were curetted and the bony extremities brought into apposition with wires. Histological examination of some of the material removed showed a cellular malignant tumour which Professor Haswell Wilson reported to exhibit " the characters of an endothelioma which had probably originated from the synovial membrane."
A few days after operation a radiographic examination of the chest revealed multiple secondaries rather smaller than peas. The chief lesions likely to be mistaken for endothelial myeloma are chronic inflammatory lesions, osteogenic sarcomata, and metastases from malignant adrenal tumours. The last are sometimes associated with widespread destruction of multiple diaphyses with a surprising immunity of the epiphyses. The most important differentiation is between endothelial myeloma and chronic inflammatory lesions, for the difference in significance is so great.
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The chronic inflammatory lesion is usually associated with sepsis at some other focus.
Channing C. Simmons reported in 1935 that 1,544 Besults: Sixty-six cases of osteogenic sarcoma and nine of Ewing's tumours have been clinically free from the disease for periods of five years or more following treatment.
Sixty-three of the 66 five-year cures were treated by surgical methods, and of these, 35 by surgery only. In the other 31 cases surgery was supplemented by radium or X-rays or Coley's toxins, or combination. In 14 of the cases Coley's toxins were administered. James Ewing says that " The whole clinical and radiological picture of the case of bone sarcoma usually furnishes a better conception of the diagnostic and therapeutic problem than can be obtained from a biopsy. Often the rate of growth, extent of the disease and the radiological details indicate the general nature and, grade of malignancy of the process better than does the histological structure of the tumour, but this is not always the case.... Few surgeons realize the limitations in the histological diagnosis of bone tumours and the conditions which simulate or accompany them." From a consideration of the points which I have tried to make it will be apparent that the closest co-operation must exist between the clinician, pathologist, and radiologist, and in view of the relative infrequency of these tumours in any one surgeon's practice it is highly desirable that some central court of appeal consisting of experienced clinicians, pathologists, and radiologists should be constituted-as in America-to which cases can be referred for opinion.
In conclusion, I must express my thanks to the Council of the British Institute of Radiology for appointing me compere for the recent collection and exhibition of radiographs of bone tumours, which gave me access to much additional valuable material, and to the surgeons and radiologists who have forwarded to me so many radiographs and details of interesting cases. in the United States; this may be fulfilled, as it is hoped to establish shortly a centre for bone tumour investigation under the auspices of the British Empire Cancer Campaign.
Nomenclature and classification do not of themselves constitute knowledge, but if there is to be any correlation of the facts known about any particular tumour, it is essential that all the workers concerned should be discussing the same entity. As we shall see, much confusion has already been caused by variations in nomenclature.
A fairly simple classification is given below:-Giant-cell tumour Myeloma Plasma cell O8teogenic sarcoma Myeloid Infiltrating chondroma Erythroblastic Medullary fibrosarcoma
Ewing's tumour
Periosteal fibrosarcoma
Angeio-endothelioma Chordoma The giant-cell tumour or osteoclastoma is essentially benign in character, although isolated examples of malignancy with metastases have been recorded. In the past a variety of names has been applied to it, all more or less misleading. Myeloid sarcoma gives an exaggerated idea of its malignancy, while osteoclastoma indicates that the giant cells are the main part of the tumour process; this is not yet decided, nor is it even decided that it is a true tumour.
Osteogenic sarcoma constitutes the largest group of these tumours and at present no useful purpose is served by its subdivision. Any classification which is to be of value must give some indications of clinical behaviour, and so far this has not been found practicable in the case of osteogenic sarcoma. Pathologically these sarcomata are characterized by the enormous variation in their constituents-types of cell, amounts of bone-cartilage and stroma, &c. This degree of variation in the same tumour has been the main bar to correlation of clinical, radiological, and pathological findings, but no doubt the careful examination of sufficient material will overcome this difficulty as it has done in many other tumours.
Certain types may be split off from the main group on account of their less malignant behaviour.
The infiltrating chondroma is a definite tumour, distinct from the chrondroma of diaphyseal aclasis. In the early stages it shows local malignancy and does not metastasize, but frank malignancy may develop later and the growth behave like an osteogenic sarcoma. The term chondrosarcoma is sometimes given to this, but as the same term has been also applied to a highly malignant osteogenic sarcomacontaining cartilage, it is best abandoned.
Medullary fibrosarcoma is a doubtful entity, but cases have been recorded. The distinction is worth maintaining, as the prognosis is said to be much better than in true osteogenic sarcoma. The condition is usually recognized only after biopsy.
Periosteal fibrosarcoma is not truly a tumour of bone, but is included owing to its importance in the differential diagnosis.
Myeloma.-The age-incidence, distribution, &c. of multiple myelomatosis are sufficiently well known to need no comment. One feature of our cases is that in four out of eight cases the clavicle was involved; in two of them a localized swelling of this bone was the first symptom. All were of the plasma cell type.
Ewing's tumour.-Ewing described this tumour in 1921 as endothelial myeloma, and even now there is no unanimity concerning its position.. There are many reasons for this, chief amongst which is the fact that Ewing's tumour may be simulated clinically and radiologically by other conditions. Of eight cases of anomalous bone tumours examined by Mr. Goldsmith and myself in the Bland-Sutton Institute, Middlesex Hospital, three showed a characteristic clinical and histological picture and appear to constitute an entity.
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The first case was tbat of a woman aged 28; in 1931 she complained of a painful swelling in the upper end of the ulna, and also of attacks of pyrexia. The condition was thought to be subacute osteomyelitis, and the bone was twice curetted at the local hospital. In 1933 a biopsy showed Ewing's tumour. Figs. 1 and 2 The points to notice are the perivascular arrangement of the cells, which are even in size and staining, and the absence of bone formation by the tumour. The growth was treated with radium, and the patient was well until September 1936, when the tumour recurred, was again treated, and is now subsiding.
The other two cases were both originally diagnosed as tuberculous osteitis, but biopsy showed similar tumours to the above. Both patients died with widespread metastases in other bones and lungs. These three cases gave a constant histological picture and may be considered as an entity. The other five appeared to be cases of various conditions; one is of note in that the growth clinically and radiologically simulated Ewing's tumour; microscopical examination, however, showed it to be a typical neuroblastoma.
Angeio-endothelioma of bone is extremely rare. The malignancy varies with the histology, which may show all stages between an infiltrating growth composed of rather cellular capillaries and a tumour composed of cell-spaces lined by large endothelial cells. The histological differentiation of these latter from hypernephroma may be impossible.
Chordoma.-I have only examined two cases of this condition-one in the sphenoid region and one in the sacrum. In the first case, although the tumour was very radiosensitive, the patient died of intracranial growth; the second patient was alive and well five years after treatment.
Secondary tumour8 in bone.-These may be divided into two main types-the osteoporotic and the osteoplastic. The osteoplastic type may show a diffuse new formation of new bone or there may be radiating spicules suggestive of osteogenic sarcoma. (Fig. 3, p. 27) is a skiagram of a secondary deposit, in a rib, of carcinoma of the colon; the appearances are those of an osteogenic sarcoma, but the photomicrograph ( fig. 4) shows an osteoplastic adenocarcinoma.
In concluding this outline I should like to thank the clinicians and staff of the Radiology Department of the Middlesex Hospital for much help.
Mr. W. H. Ogilvie: I propose to confine my remarks entirely to the osteogenic sarcoma. It is far the most important numerically, accounting for more than 50% of all bone tumours, both innocent and malignant, reported to the American Registry. Of the other malignant tumours, myeloma and periosteal fibrosarcoma are not only rare, accounting for 5% and 2% respectively, but they present little difficulty in diagnosis, and I feel that they may well be ignored in this discussion. Ewing's sarcoma represents 11-5% in the American figures, but, in sharp contrast to osteogenic sarcoma, which is a well-recognized entity, Ewing's tumour remains, to some extent, a pathological enigma; 171 cases are recorded in the American Registry, but examples of the tumour are so rare in this country that our surgeons and pathologists are still very doubtful whether it can be accepted at all on the basis of reports which are often conflicting and barely intelligible.
Any discussion on malignant tumours of bone must therefore concern itself largely with osteogenic sarcoma. Compared with other neoplasms of bone it is relatively common; compared with malignant disease elsewhere it is appallingly fatal. It is a growth derived from bone cells or their precursor the primitive connective tissue which in the embryo outlines the future skeleton and which has the power to form cartilage or bone. These growths vary greatly in their gross and microscopic appearances, since they arise from cells whose function is to form bone and which may exercise this function in varying degrees, and they occur in bone, a tissue which, as perhaps only the radiologist and orthopaedic surgeon fully realize, is intensely vital, ready to repair the effects of injury, or the onslaughts of disease, by new material which, under adverse circumstances, may assume appearances very unlike that of normal bone. Thus in any osteogenic sarcoma we see osteolysis, the destruction 29 Section of Radiology 801 wrought by tumour cells, and in most of them we also see osteosynthesis, new bone laid down, either by the disordered action of malignant cells, or by the efforts of the periosteum to repair damage. We rarely see these tumours at an early stage, and when we obtain a specimen, by amputation or necropsy, we usually have a mass of malignant tissue extending on both sides of the compact bone, under the periosteum and into the medullary cavity, and presenting a very different microscopic picture in portions only a few centimetres apart. For these reasons, because the exact site of origin of any bone tumour is a matter of conjecture, and because the cellular structure and the amount of osteogenesis vary in different parts of the same sectionand by infinite gradation in a series of specimens-I feel very doubtful if the subdivision of these tumours into several groups, put forward by Geschikter and Copeland, has an indisputable pathological basis, and still more doubtful whether it is of any value to the clinician. I should prefer, at any rate for the purpose of discussion and the teaching of students, to retain the single term ofosteogenic sarcoma. The typical osteogenic sarcoma may be outlined very briefly. The patient is a child or adolescent. There is a firm fusiform swelling near the end of a long bone, causing considerable pain and loss of function, and a dusky discoloration of the skin over it. The lesion is a single one, in marked contrast to other bone disorders of this period, which are nearly all multiple and due either to congenital failures of bone formation, to metabolic disease, or to the effects of inherited syphilis.
It will be well to repeat the cardinal diagnostic points which Codman laid down twelve years ago:
(1) The great majority of osteogenic sarcomas arise between the ages of 5 and 20. They are exceedingly rare over 50, except when they supervene on Paget's disease.
(2) The patient is nearly always in good health at the time of onset. Previous bad health favours inflammatory disease.
(3) Pain is a constant, early, and usually the first, symptom.
(4) The pain is at first bearable, but increases. It is unusual for a patient to be seen less than a month, or more than a year, after the onset of symptoms.
(5) The rate of growth is steady, noticeable from month to month, but not over shorter periods. This contrasts with the slow growth of benign tumours, and the rapid one of inflammatory conditions. I (6) Nearly half of bone sarcomas occur in the femur and a quarter in the tibia. 52% are in the neighbourhood.of the knee-joint. The lower end of the femur is the commonest site, the upper end of the tibia coming second, and the upper end of the humerus third. These three sites between them account for 63% of all osteogenic sarcomas, and these three bones for 79%. After these three bones, the ribs and pelvis are the most likely sites.
(7) Early bone sarcomas are never seen. If a bone tumour is small or pedunculated it is very unlikely to be a sarcoma.
(8) A bone sarcoma nearly always produces some fixity of the soft parts over it, but less than that of an inflammatory lesion.
(9) A sarcoma rarely involves a neighbouring joint till late in the disease.
To these cardinal points one other may be added, namely, that definite signs of inflammation, locally the demonstration of pus or an abscess, and generally, the presence of pyrexia or polymorphonuclear leucocytosis, are strongly against the diagnosis of sarcoma.
The evidence of a radiogram will always be added to these diagnostic criteria.
The classical radiographic features of osteogenic sarcoma are the " ghosting " of the compact bone, without displacement or thinning, the presence in the fusiform shadow of the tumour of spicules at right angles to the shaft, and the demonstration of a triangular shelf of new bone under the periosteum at each end of the swelling. But these things are seen in non-malignant conditions, and Brunschwig and Harmon have 802 Proceedings of the Royal Society of Medicine 30 reproduced them in animals by transplanting a non-osteogenic sarcoma of the abdominal wall into the femur. The expert radiologist has much more subtle points, and will often be led by the instinct derived from long experience to give a correct decision based on appearances which he can hardly describe. Two things, elementary in themselves, must not be forgotten: (1) That when the changes are slight or atypical the other side of the body must always be examined for comparison, and (2) that a radiogram should always be taken of the chest, for well-developed metastases are often present in the lungs when the primary growth is still small. But unfortunately many cases do not conform to the textbook picture, and the difficulties of diagnosis may be considerable. I believe that in England sarcoma in adults is far more common than the experience of American surgeons would suggest. In such cases the chief difficulties in differential diagnosis are presented by solitary metastases from carcinoma, and chronic infective processes the result of focal sepsis. In childhood, low-grade infections, syphilitic lesions, and the reaction of bone to trauma, may all simulate osteogenic sarcoma. I would like to mention two cases that I have seen within the last six months.
The first was that of a man aged about 50, shown by Mr. J. Jemson of St. Alfege's Hospital, to a party of students from Guy's Hospital. This man had had a severe fall two weeks before admission, and complained of pain and disability in the left shoulder. He was found to have an indefinite swelling of the upper half of the right humerus, but there were no signs of inflammation in the soft parts. His temperature was 102°F. and the leucocyte count 13,500. These last observations were suggestive of an inflammatory lesion, but at this age an osteomyelitis is uncommon. The radiograms showed a patchy osteolysis involving the upper half of the humerus, with one or two sharply defined defects in the cortical bone and no sclerosis or periosteal reaction-an appearance that suggested sarcoma. An exploratory operation revealed granulation tissue in the medullary cavity and staphylococci were grown from a portion of tissue removed. Later radiograms showed the sclerosis typical of a low-grade osteomyelitis.
In the second case the patient was a girl aged 5 years, whom I saw in August 1936, with the following history: A week earlier, her mother had noticed a lump in her neck, which she was quite certain had not been there the previous day. Her doctor found a rounded swelling the size of a pigeon's egg fixed to the left clavicle, unattached to skin, and quite painless. Five days later (two days before I saw her) the swelling increased suddenly in size and became diffuse, hot, and tender. I found a brawny induration extending below the clavicle, and upwards into the neck, to occupy the whole posterior triangle. It was red and hot, and so tender that the child screamed when it was touched. The temperature was 990 F., the pulse 120. A radiogram showed rarefaction of the inner end of the clavicle. I diagnosed a cellulitis arising in an osteomyelitis of the clavicle, and advised that it should be treated with poultices, and opened as soon as any definite suppuration occurred. I saw the child again six days later. The whole inflammatory reaction had now subsided, the temperature and pulse were normal, and the child was placid, but the clavicle was replaced throughout its length by a sausage-shaped swelling, painless, and unattached to skin. A fresh radiogram showed patchy destruction involving the whole length of the clavicle. The leucocyte count was 11,200, with 50% of lymphocytes. Though this count suggested a chronic inflammatory condition, I felt bound to diagnose a bone sarcoma, to give a hopeless prognosis, and to advise deep X-ray therapy as a palliative measure. Under treatment by radiation the swelling rapidly subsided, the radiogram showed reconstitution of the clavicle, and the child once more looked well. In December she had a fresh pyrexial attack, and was re-admitted to a home. She now looked very ill indeed, and complained of pain in both knees. The clavicle still felt normal, but a soft patch was found over the left parietal bone where the skull had been destroyed and replaced by tumour tissue. A radiogram showed a clear area in the neck of the 31 Section of Radiology 803 left femur. This patient is certain to die soon but I doubt whether a post-mortem examination will be permitted. Is this a case of osteogenic sarcoma, of Ewing's tumour, or of chloroma without leucocytosis, or is it an example of Schiiller's disease ? In concluding I would remind you of some investigations, additional to the radiological ones on which we must rely so much, which may throw light on a doubtful case:
(1) The Wassermann reaction should be tested. If it is positive-or, when it is negative, if the clinical or radiographic appearances suggest the likelihood of syphilis a trial of intravenous medication should be made for at least three weeks.
(2) A blood-count may suggest a diagnosis other than sarcoma. A leucocytosis, especially if there is a relative increase in polymorphonuclear cells, is in favour of osteomyelitis; on the other hand a white cell count above 25,000 favours chloroma.
Extensive anaemia suggests a carcinoma, with multiple metastases in the bone-marrow.
(3) A four-hourly record of the rectal temperature may reveal an unsuspected pyrexia, and point to an inflammatory lesion.
(4) In adults a search should be made for a primary focus of carcinoma. Though many tumours may give metastases in bone, those arising in the breast, the adrenals, and the prostate, considerably outnumber all others. I recently saw a woman who was taken off a bus with sudden agonizing pain in the neck. A radiogram revealed a growth in the body of the second cervical vertebra, secondary to a carcinoma of the right breast, which was only half an inch in diameter and had caused no visible deformity.
(5) Possible septic foci, particularly doubtful teeth, should be investigated. (6) The effect of therapeutic radiation upon the tumour should be observed. Tentative radiation therapy is one of the most valuable diagnostic methods at our disposal. It will always relieve the pain and decrease the swelling of an osteogenic sarcoma, and produce a sclerosis that is very striking in a subsequent radiogram. We should not be tempted bythis improvement to pursue the course, once the diagnosis is established, for there is no conclusive evidence that cures can be obtained by this means or that the ultimate prognosis can be modified favourably.
(7) A portion of the tumour may be removed for microscopic examination. The place of biopsy in the investigation of a case of possible sarcoma will always be a matter of controversy. On the one hand it must be admitted that any damage to a tumour which naturally disseminates by the blood-stream is likely to start such dissemination if it has not already taken place. On the other hand it may be argued that these growths are so uniformly malignant that the chance of making an almost hopeless prognosis slightly worse must be weighed against the possibility of avoiding a needless amputation. American surgeons strongly advocate biopsy, and tell us that in 50% of the five-year cures investigated by the6 Registry an exploratory operation had been performed two or more weeks before amputation. My mistrust is not allayed by these figures, which give no indication of the number of cures that might now be on record if biopsy had been avoided. The proper valuation of a section showing a mesoblastic reaction is notoriously difficult, and the same slide sent to six eminent pathologists will often evoke six different reports. Cases reported as malignant have been shown by their subsequent history to be innocent, and in cases reported as innocent the patients have died with metastases in the lungs. I believe that an opinion based on a careful consideration of the history, physical signs, radiographic appearances, and reaction to radiation, is more likely to be right than one derived from the examination of a piece of tissue removed for section, and I suggest that we form our decision on such grounds alone.
The only hope of cure in osteogenic sarcoma is by amputation or wide resection. The latest reports from the American Registry indicate that the outlook is not quite so hopeless as we previously believed. In all there have been 74 five-year cures of 804 Proceedings of the Royal Society of Medicine 32 osteogenic sarcoma-a rate of 10%, and 10 of Ewing's tumour-a rate of 6%. All of these were treated by surgery, that is by amputation or resection, and half of them by surgery alone.
There is no evidence that radiation has any curative value, or that it prevents or delays dissemination. Its place is firstly as a diagnostic measure, secondly as a temporary treatment while investigations are being carried out, and thirdly as a palliative in sarcoma involving the skull or vertebrae, where resection is impossible. and those round the hip or shoulder-girdle where amputation offers little prospect of permanent cure.
